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Introduction 
Rose has been loved and cherished from time immemorial. 
Now roses are available for gardens, cutflov^ ers and for oil produc-
tiotto The interest in rose cultivation is increasing constantly 
and more and more varieties have been developed. In U.K. one firm 
is reported to have sold 1,000,000 root-stocks in one year for 
budding. In U.S.A. the interest in rose gardens has been on rise 
since Charles Dingee started his rose nursery at West Grove in 
1854. Now nurserymen have several rose farms each with atleast 
2,000 acres. As a result of interest in roses a society "National 
Rose Society of U.K." came into existence and by 1963 it had about 
91,322 members. 
In India there has been some record of rose cultivation 
from the time of Moguls and probably they might have brought with 
them the love of roses from Persia, However, Bhatcharji thought 
that roses were cultivated in^India from ancient times. In old 
Sanskrit works, it has been referred to as "Taruni Pushpa", 
"Atimajula" and "Semantika", 
Although wild roses are found growing in Himalayas but 
varieties have been developed for garden and for oil/scent produc-
tion. Out of the different classes of roses Damask roses are used 
for the manufacture of otto of roses. In India, actually Empress 
Nur Jehan is credited with the discovery of attar/scent of roses. 
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Damask rose (Rosa damascena Mill.) has been under culti-
vation since the pre-Christian era having originated in Persia, 
Rose water, rose oil/scent are the product of distillation from the 
petals of this species. The yield of oil from petals in India is 
far less than in developed countries. It ranged from 0o004-0.0045 
per cent on fresh weight basis as against 0o02-0o04 per cent in 
Bulgaria, This could in part be because of climatic conditions, 
varietal differences and mode of distillation and in part be 
because of losses due to pests and diseases. White ants, chafer 
beetles, red scales, aphids, jassids, thrips and mites are some of 
pest commonly found to destroy the plants. Amongst the diseases, 
dieback, stem blight, black spot and powdery mildev; are very 
commonly found in this part of the country (Tammen, 1973; Nagai 
et al„, 1978; Dobbs, l984)o 
Aligarh district is one of the important centre for rose 
cultivation where 500 hectares of land is devoted to the rose crop 
with an annual production of one metric ton hectare and has a 
potential for foreign exchange earner but the yield of rose oil is 
declining graduallyo Besides other factors, nen^ atodes could be one 
of the factors for this decline but no work has been carried out on 
this aspect. Therefore, it is considered desirable to study 
systematically the nematode problem associated with rose cultiva-
tion. In order to workout the nematode problem, if any, initially, 
systematic survey will be laade to find out different nematode 
species associated with roses. This will be followed by studying 
the: 
1. Seasonal fluctuation of important nematode species in fields 
of rose of different ages, 
2. Effect of different population levels (logarthmic scale) of 
various nematodes on growth of rose plant and yield of oil. 
3. Isolation of rhizosphere and rhizoplane fungi. 
4. Effect of certain important pathogenic soil fungi and the 
nematode (found most pathogenic in above study) on growth of 
rose and yield of oilo 
5o Effect of treatment of soil with nematicides, fungicides and 
oil cakes separately and in combination and NPK on growth of 
rose plant and yield of oilo 
Review of Literature 
Plant-parasitic nematodes, pass atleast one of their 
stages of the life cycle in the soil and thus soil plays an 
important role in their multiplication. There are several 'soil'*-
factors which have been found to influence the nematode multipli-
cation and broadly they can be grouped in two categories, viz. 
physical such as soil temperature, moisture, texture and pH etc. 
and biotic factors such as organic matter, predacious fungi, 
predacious nematodes, mites, viruses, bacteria etc. 
There has been immense amount of inforntation on factors 
affecting nematode multiplication and the literature has been 
reviewed by Winslow (i960), Wallace (l963). Van Gundy (1965), 
Mankau (l980a,b), Tribe (1980), Barron (1981) and Kerry (1981a). 
Seasonal fluctuation 
Seasonal fluctuation of nematodes makes an important 
contribution in studying the ecology of nematodes. In order to 
understand the ecology of nematodes in relation to damaging levels 
the information on fluctuation of nematodes due to season is 
essentialo Studies on the seasonal fluctuations of populations of 
various phytophagous nematodes have been made by Bird (l977); 
Gotten (1977), Hague and Mukhopadhyaya (1977), Hussey and Roncadori 
(1977), Inagaki (l977), Kalyviotis-Gazelas (1977), Mavlyanov 
at 
Soil in the sense of its biotic and abiotic components. 
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(1977), O'Bannon and Tomerlin (1977), Pinochet (1977), Saxena 
et ^ . (1977), Shimizu (1977), IVhitehead (1977), Haseeb £t al. 
(1978), Malcevschi (l978), Mukhopadhyaya (1978), O'Bannon and 
Stokes (1978), D'Errico and Di iVlaio (1979), Kraus-Schmidt and 
Lewis (1979), Misra and Singh (1979), Singh (1979), .Villut and 
l.lalek (1979), Decraemer (1980), Ingram and Rodriguez-Kabana (1980), 
Jones (1980), Schnabelrauch ^ al. (1980), Boag (1981), Husain 
e_t al. (1981), Jagdalo ejt al.. (1981), kc Sorley and Parrado (1981), 
Carneiro ejt al. (1982), Rajaram (1982), Mohammad e_t al. (l983), 
Srivastava and Sethi (1986). 
Fluctuation in population of plant parasitic nematodes 
in general reflects the state of balance between two opposing 
phenomena, birth rate and death rate. This is very clearly shown 
by the relationship between population size and the sex ratio. 
Ellenby (1954) in Globodera rostochiensis, Linhardt (l96l) in 
Heterodera avenae and Triantaphyllou (1960) in ...eloidogyne spp. 
had shown that the ratio of males to females increases v/ith 
increase in population size. Such a change would tend to reduce 
the ratio of reproduction as the number of neinatodes increased. 
As population gro\;th is determined by the rate of repro-
duction which is in turn influenced by the environment,it is not 
surprising that nematode populations in the field show wide 
fluctuations throughout the year. Thomason (1961) found that soil 
temperatures from November to ,J\Aay in California were too low for 
development of Meloidogyne javanica, the increase of larvae in the 
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soil in /\/lay being due to egg hatch at warmer temperatures. Some 
species like Heterodera avenae appear to cause greater damage in 
Germany when rainfall and low temperatures occur in April and May 
(Goffart, 1932)0 Marked changes in population density are often 
associated with periods of rainfallo 
Population fluctuations of ivieloidogyne graminis 
(Laughlin and Williams, 1971), Heterodera rostochiensis (Morris, 
1971), Pratylenchus penetrans (Di Edwardo, 1961; liiiller et_ al.„, 
1963; Dickerson £t ai„, 1964; Ferris, 1967; Olthof, 1971), 
P. brachyurus (O'Bannon ejt al., 1972), P. coffeae (Riggs ejt al., 
1956), Radopholus similis (Ducharme, 1967), Ditylenchus dipsaci 
(Tseng et ^,, 1968), Tylenchulus semi penetrans (O'Bannon et_ al,o, 
1972), Rotylenchulus reniformis (Bird et al., 1973), Tylencho-
rhynchus claytoni (Sutherland and Adams, 1966), To maximus 
(Schmitt, 1973a), Criconemoides xenoplax (Lownsbery, 1959), 
Hemicycliophora arenaria (Van Gundy e_t al., 1968), H, zuckermani 
(Zuckerman et, al.., 1964) and Xiphinema americanum (Norton, 1963; 
Griffin and Darling, 1964; Floras and Chapman, 1968; Malek, 1969) 
varied with the geographical locationo The least recovery of 
nematodes in cultivated fields was often in winter or early spring 
in the northern latitudes, where low temperatures probably were 
limiting. In parts of California and in Florida, the period of 
low recovery often occurred in summer or early fall when host, dry 
conditions existed or when the crop was not in lush growth. 
Fluctuations within the main growth curve occurred during a growing 
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season and often were correlated with major divergences in mois-
ture and temperature. Thomas (1978) demonstrated that nematode 
densities vary within small areas and among species in corn under 
different tillage systems. Similarly densities of Helicotylenchus 
hydrophilus, j.ierlinius joctus and Tylenchorhynchus spp. during a 
season varied considerably within a few meters of each other in a 
native prairie (Schmitt, 1973a)» However, Tylenchorhynchus 
viruliferus didn't exhibit major fluctuations but reproduced 
throughout the yoar even when soil temperature was 5 C, Therefore, 
it led to conclude that the food supply was the determining factor 
in reproduction, atleast compared with temperature (Pitcher and 
Mc Namara, 1970). lAinton e^ ^ . (i960) and Johnson ^  ^ . (l974) 
demonstrated that populations may differ in a season depending on 
the degree of host susceptibility. 
Distribution of plant parasitic nematodes whether 
horizontal or vortical is also influenced by many environmental 
factors such as soil laoisture, te,.iporature etc. (Griffin and 
Darling, 1964; Tseng ejt al.., l968)o Cobb (1918) observed uneven 
horizontal distribution of plant parasitic nematodes, while Barker 
and Nusbaum (1969) found that only few species, such as 
Tylenchorhynchus claytoni were uniformly distributed, whereas 
Xiphinema americanum v;as even more erratically distributed than 
/vfeloidogyne americanum, Horizontal distribution patterns of most 
nematodes vary from site to site as Yuen (1966) found for 
Helicotylenchus and Rotylenchus spp. 
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De Maeseneer (l963) and Yuen (1966) have suggested that 
many species have an optimum zone of soil profile where they occur 
in greatest abundance. Vi/allace (l963) concluded that vertical 
patterns of distribution are most likely produced by orientation 
and movement to a particular soil horizon where conditions are 
optimal for reproduction^ This zone may fluctuate with habitat 
and season as temperature and moisture gradients change. Griffin 
and Darling (1964) observed only minor changes in population 
densities of Xiphinema americanum which occurred at depths of 
25-50 cm, whereas two striking peaks were evident in summer and 
fall at lesser depths. The decline in summer was associated with 
low soil moisture. Similarly, Kable and iuai (l968) attributed to 
such seasonal fluctuations in P. penetrans largely duo to varia-
tions in soil moisture. Partial downvi/ard migration of Ditylenchus 
dipsaci in the fall and partial upward ;i.igration in the spring had 
been reported by Lewis and i/iai (i960), Tseng e_t ad. (1968) showed 
how population densities of D. dipsaci fluctuate at various soil 
depths as season, soil moisture, and temperature change. However, 
Flegg (1968) pointed out rouarkable consistency in the population 
of certain Xiphinema and Longidorus species, inspite of having 
distinct depth distribution patterns. 
Vertical distribution of nematodes has also been found 
to be influenced by changes in cultural practices. Zuckerman 
et a.J-,» (1964) found highest numbers of Hemicycliophora similis 
at 5.0-7,5 cm depths in established cranberry bogs, whereas 
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highest numbers occurred at 10-15 cm depths in new bogs where no 
organic matter had accumulated in the upper layer of sand. 
Soil temperature 
Temperature probably is the most important non biological 
factor which affects nematodes directly or indirectly. Temperature 
together with soil types is responsible for distribution of some 
nematode species to specific geographic areas. M,, hapla (Sayre, 
1964) and M. naasi (Franklin ejt al,., 1971) have mostly been 
reported from temperate regions (cryophils) since they are able to 
survive soil temperatures below 0 Co On the other hand, M, incognita, 
M. javanica, M. arenaria (Thomason and Lear, 1961), and possibly 
M, exigua are normally subtropical or tropical species (thermophils) 
since there is hardly any survival in soil belov/ 10°C. By and large, 
most of the nematodes multiplied well at temperatures between 25 and 
30°C but there are exceptions. Owing to their different requirement 
of optimum temperatures for multiplication the nematodes have been 
categorized into three groups viz., first group including Heterodera 
avenae (Fushtey and Johnson, 1966; Valdeolivas £t_al„, (1985); 
Meloidogyno naasi (v/atson and Lownsbery, 1970); Heterodera trifolii 
(Yeates and Visser, 1979); H. mani (kaas and Brinkman, 1977); 
Pratylenchus crenatus (Kimpinski and Willis, 1978, 1981) which 
require 0-10°C as optimum temperature for multiplication of the 
nematode, the second group of nematodes such as Ditylenchus dipsaci 
(Barker and Sasser, 1959; Grundbacher and Stanford, 1962; Tseng 
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e_t ^ o , 1^68), Meloidogyne ovalis (Riffle and Kuntz, 1967), M. 
.iavanica (Wallace, 1971b), M. hapla (Forth, 1976), M. naasi 
(Ogunfowora, 1977), lA, ardenensis (Stephan and Trudgrlll, 1982), 
Heterodera avenae (Bhatti and Malhan, 1982; Grabert and Sachse, 
1985; Valdeolivas e_t aJL., 1985), H. mani (Maas and Brinkman, 1977), 
Globodera rostochiensis (Franco, 1979), Pratylenchus vulnus (Sher 
and Bell, 1965), P, penetrans (Dickerson et al,, 1964; Krause, 1976), 
P. thornei (Orion e_t al,., 1979), Rotylenchus robustus (Lear £t al.. 
1969) and Tylenchorhynchus dubius (Brzeski, 1970b) as 11-20°C; and 
the third Ditylenchus myceliophagus (Evans and Fisher, 1969), 
Pratylenchus penetrans (Dickerson et al,, 1964; Patterson and 
Bergeson, 1967; i.lamiya, 1971; Mai e^t ^ . , 1977; Kimpinski and 
i/illis, 1978, 1981), P. coffeae (Radewald et al,, 1971), P. vulnus 
(Shjr and Bell, 1965), P. alleni (Dickerson, 1979), P. thornei 
(Orion et al., 1979), P» indicus (Prasad and Rao, 1979), R, similis 
(Hugon £t ^ » , 1984), Heterodera schachtii (Thomason and Fife, 1962; 
Brzeski, l970b; Santo and Bolander, 1979), Ho trifolii (Norton, 
1967), H. betulae (Riggs e_t al,, 1969), Meloidogyne incognita 
(Johnson and Shamiyeh, 1968; Edongali and Ferris, 1981; Roberts and 
Van Gundy, 1981; Roberts et_ al.., 1981); U. javanica (V/allace, 1969, 
1971b; Bird, 1972; Roberts and Van Gundy, 1981), M. arenaria tharaesi 
(Thomason and Lear, 1961), M. hapla (Wuest and Bloom, 1965; Irvine, 
1966; Griffin, 1969; Griffin and Jorgenson, 1969; Porth, 1976; 
Santo and Bolander. 1979; Stephan and Estey, 1982), M, graminis 
(Grisham et_ al,, 1974), M, naasi (Radewald et. al., 1970), 
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Rotylenchulus reniforrnis (hebois, 1973a), R. parvus (Dasgupta and 
Kaski, 1968), no]3lolaiMUS indicus (Ramana e_t al.., 1978), H, dubius 
(Singh and rChera, 1982), Helicotylenchus dihys bera (ivic Glohon e^ al.. 
1961), Tylenchorhynchus claytoni (Krusberg, 1959), Belonolaimus 
longicaudatus (Robbins and Barker, 1974), Criconemoides curvatum 
(Malek and Jenkins, 1964), Co xenoplax (Seshadri, 1964), Xiphinema 
index (Radewald and Raski, 1962a; Cohn and Mordechai, 1970), X. 
americanum (Lownsbory and Maggonti, 1963), X. brevicolle, X, italiae 
and Longidorus brevicaudatus (Cohn and Mordechai, 1970), Longidorus 
africanus (Lamberti, 1969), and Trich'odorus christiei(iVialek and 
Jenkins, 1964; Bird and Mai, 1967) as 21-30°C. There are some 
nematodes such as Pratylenchus coffeae (Riggs ot alo, 1956), 
P. neglectus (i\iountain, 1954), P. scribneri (Thomason and O'Melia, 
1962; Dickerson, 1979), P. vulnus (Sher and Bell, 1965), P. alleni 
(Dickerson, 1979), Helicotylenchus pseudorobustus (Taylor, 1961), 
Hemicycliophora arenaria (Van Gundy and Rackham, 1961), 
Tylenchorhynchus claytoni (Krusberg, 1959), Longidorus africanus 
(Lamberti, 1969), which multiplied well at more than 30°Co 
Soil moisture 
Soil moisture and temperature are mostly coinfluencial, 
and it is usually difficult to separate the effect of the two. By 
and large, extreme moisture conditions owing to either irrigation 
or rainfall, in a soil donot favour multiplication of nematodes. 
The multiplication of Tylenchorhynchus martini on rice and 
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T. acutus on soybean is decreased with increased amount of rain-
fall (Hollis and Johnston, 1957; Hollis and Fielding, 1958)» The 
severity of Aphelenchoides besseyi on rice decreased when the seeds 
were sown in water than drilled in the soil and flooded later 
(Cralley, 1957). Similarly the population of P. dianthus was 
reduced in soils with high moisture content (Rhoades and Linford, 
1961 a)o Increased frequency and amount of irrigation around citrus 
also decreased the numbers of Hemicycliophora arenaria and this 
decrease was linked with oxygen diffusion rates (Van Gundy e_t al.. 
1968)o The population of Rotylenchulus reniformis and Helicotylen-
chus multicinctus decreased with increased rainfall (Hutton, 1978)c 
Fichtner et_ al. (1982) reported an inhibition of population fall by 
excessive soil moisturee 
A tenure of a week or tv;o of flooding has-been found to 
reduce numbers of nematodes (Vi/atson, 1921). The juveniles of 
Jvteloidogyne were killed in land submerged with water for four months 
but the eggs remained viable. However, no noiaatodes were recovered 
after 224,- months of submerge with water. Thus the next sown crop 
remained free from infection (Brown, 1933). The incidence of root-
knot attack on crops following rice was reduced when the rice crop 
was flooded (Thames, 1952)« The population of Re similis on banana 
was reduced from 8000 to 900/100 g root owing to flooding caused by 
heavy rains (Jacq and Fortuner, 1978)c The largest populations of 
Meloidogyne spp, and Rotylenchulus spp„ in rice fields were found 
in non-flooded upland fields while, in the same areas, low-lying 
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paddies which are normally flooded for 2 to 3 months a year had 
small populations. Fewer nematodes were found in normal rainfed 
paddy fields where rice is cultivated under 3 months of flooding 
(Castillo et al,., 1978). Hsmailpour and Sikora (1978) attributed 
changes in the population of Heterodera schachtii after flooding 
to changes in physical properties of the soil. On the other hand, 
Stirling (l985) found an increase in the population of Paralongi-
dorus australis on rice, when flooded with v/ater. However, 
extremes of dry conditions also proved unfavourable for nematode 
multiplicationo Under such conditions with rainfall during growing 
season, increased galling on potatoes by root-knot nematodes has 
been reported by Parris (1948). Similarly, populations of 
Pratylenchus projectus, Tylenchorhynchus brevidens and Aphelenchus 
avenae increased after rainfall which v.^as attributed to increased 
hatching when the soil vi/as moist (Norton, 1959), The infection of 
banana with Radopholus similis was favoured during the rainy season 
(Vilardebo, 1976), Jaramillo and Figueroa (1976) observed a close 
relationship between high population level of Ro similis on banana 
cv. Giant Cavendish and periods of short rain showers occurring 
during the drier months,, A population peak of Hoplolaimus indicus 
in rice fields in India was observed during a period of heavy rain-
fall (Ramana e_t al., 1978) o Direct correlation between rainfall or 
moisture content and population levels of the, Ditylonchus dipsaci 
on alfalfa (Barker, 1959; Barker and Sasser, 1959), Helicotylenchus 
dihystera, Hoplolaimus galeatus, Paratrichodorus porosus and 
Pratylenchus zeae on sugarcane (Gomes Carneiro e_t al., 1980), 
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Heterodera avenae on spring barley and spring Oats (Graham, 1980) 
and Longidorus on sugarbeet (Degtyarev _et _alo, 1985) has also been 
reported. Reproduction in Hoplolaimus dubius in vegetable fields 
v;as found to be favoured by high rainfall (Singh and Khera, 1982). 
Spaull and Mewton (l982) found more of Hemicycliophora, Macropos-
thonia and Trichodorus on irrigated plots than on unirrigated ones. 
During dry period, an irrigation v/ith clear v>/ater of fodder plants 
particularly grasses, have been found to encourage the buildup of 
the migratory stages of Paratylenchus, Gracilacus and Pratylenchus 
(Ahmad e_t aJL., 1983) „ Smolik and Dodd (l983) recovered highest 
densities of phytoparasitic nematodes especially belonging to 
Criconematidae, Tylenchidae and Dorylaimids in grassland receiving 
additional water. The number of 2nd stage larvae of Mo exigua in 
a coffee plantation in the soil was high and stable during rainy 
season (Huang e_t al.., 1984) „ 
Damage to oats by Heterodera avenae (Kort and S'Jacob, 
1956) and to tobacco by Ditylenchus dipsaci (Cairaschi, 1954) was 
governed to a large extent by soil moisture, probably due to high 
rate of multiplication of nematodes. The interval between irriga-
tions of citrus infested with Tylenchulus semipenetrans was more 
important in the life cycle of nematode because free water was 
necessary to flush the juveniles from the egg masses into the soil 
where they invaded other roots (Van Gundy, 1958)o Dolichodorus 
heterocephalus (Perry, 1953) and Radopholus gracilus (Golden, 1957) 
have mostly been recovered in the wet localities and were found to 
thrive in saturated soil. 
: 15 : 
High percentage of Heterodera glycines brown cysts and 
emergence of larvae from, brown cysts were correlated v/ith moisture 
stress on soybean plants where fewer brown cysts and less juveniles 
emergence occurred in ! x-esence of adequate or excessive soil mois-
ture (Hamblen and Slack, 1959). 
The moisture conditions of soil in a way are related to 
soil pores which when full of water are indicative of high moisture 
and when empty of dry conditions (Wallace, l958)o 
Godfrey (1926) observed that optimum soil moisture for 
the development of root-knot nematode galls ranged between 50-80% 
of the field capacity. The number of larvae of Anguina agrostis 
released from galls was found to be directly proportional to the 
amount of soil moisture and highest number of larvae was released 
only during the period when the soil was near field capacity and 
these conditions appeared to be optimum for most seedling germina-
tion (Collis-George and Blake, 1959)„ Maximum emergence of 
M, javanica occurred when most of the pores were emptied of water 
and corresponded to a stage of the moisture characteristic which is 
often called field capacity (vVallace, 1966b, 1968b), Rao and Israel 
(1971) reported that 2,0-3„0?o of soil moisture was most suitable for 
the invasion of Meloidogyne javanica juveniles as well as its deve-
lopment in the host and eggmass formationo Trivedi e_t ad, (1978) 
found greatest development of root-knot on Capsicum annuum L, at 
2b-30% soil moisture. Ogunfowora (1978) reported that emergence of 
juveniles of Meloidogyne naasi and its infectivity was more in soils 
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that were kept at 74?o field capacity in monthly dry cycle but least 
in soils that were flooded constantlyo Maximum migration distance 
and root-galling occurred when moisture level in the soil was kept 
at field capacity. The populations of hA<, hapla decreased with an 
increase in moisture levels from 5 to 20?^  but reduction in growth 
of strawberry due to infection of M» hapla didn't have any correla-
tion with soil moisture (Szczygiel and Soroka, 1983)» Upadhyay 
e_t ^ o (1974) observed that in the presence of cereal seedlings, 
stylet bearing nematode populations increased at moisture levels 
from 14-20% but not above. The activity and population of 
Pratylenchus indicus was found to increase with increasing soil 
moisture upto 40 and bO% but further increase in soil moisture gave 
a reduction in the population of the nematode (Prasad and Rao, 
1980), Smolik (l982) reporte.: the occurrence of most nematode taxa 
at all water levels except 25?^  field capacity. Highest reproduction 
of most taxa occurred at To% whereas 100% field capacity became 
inhibitoryo Highest-multiplication of Pratylenchus penetrans with 
an initial population levels of 150 and 300/100 cm soil was 
observed at all moisture levels tested (Elliott e_t _al., 1980). 
Krause (l98l) reported that after 42 days at 25°C and 80% moisture 
peas contained 940 £. penetrans/g fresh root and at 6o% moisture 
only 770; at 20°C the respective nematode numbers were 430 and 520. 
The population of P. crenatus on barley decreased at higher soil 
moistures at 25°C (92 nematodes/g root) but at 20°C the same mois-
ture level brought about an increases in population. Saeed and 
Ghaffar (1986) reported that soil moisture of 12-16% was most 
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favourable for the increase in population of Herdcriconemoides 
manqiferae associated with Achras zajjoca. 
High relative humidity together with heavy devj deposi-
tion was responsible for tP.e occurrence of nematodes on the rice 
foliage. Further 90% lin was required for the migration of 
neiTiatodcs fro..i soil to foliage (Raraana e_t aJ^ ., 1978), 
Soil texture 
Lighter soils containing more of sand such as sandy, 
sandy peat, sandy loara, loamy sand and sandy clay loam have been 
reported to favour the multiplication of Pratylenchus penetrans 
(Oostenbrink, 1954; Mai and Parker, 1956; Parker and Mai, 1956; 
Slootweg, 1956; i.iountain and Boyce, 1958; Springer, 1964; Decker 
and El-Aniin, 1980; Elliott et. al,, 1980; Costante et ^ ., 1985), 
P. pratensis (Oostenbrink, 1954), P. zeae (Jenkins e_t _al., 1957), 
£. brachyurus (£ndo, 1959), _P. scribneri (Thomason and O'Melia, 
1962), P. crenatus (Dickerson £t ajL,, 1964; Geraert, 1967; Decker 
and El-Amin, 1980), Po vulnus (Sher and Bell, 1965), P., indicus 
(Prasad and Rao, 1980), meloidogyne spp, (Sasser, 1954; Sleeth and 
Reynolds, 1955; Minton, 1957), Mo javanica (Elmiligy, 1968; Salem, 
1978; Taha and Kassab, 1979), M, incognita (O'Bannon and Reynold's, 
1961; Trivedi e_t al., 1978; Davide, 1980; Windham and Barker, 1986), 
M, hapla (Santo and Bolander, 1979), Heterodera punctata (Russell, 
1927), H. avenae (Southey, 1956; Geraert, 1967; Meagher, 1968; 
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Graham, 1980; Handa e_t al,, 1985), H. gottingiana (Brown, 1958), 
H. trifolii (Norton, 1967), H, schachtij (Fichtner et, al., 1982), 
H. zeae (Srivastava and Sethi, 1984), Ditylenchus dipsaci (Geraert, 
1967), Radopholus similis (Davide, 1980; Sosamma and Koshy, 1985), 
Nacobbus aberrans (Thorne and Schuster, 1956), Tylenchulus 
seiiiipenetrans (Van Gundy et al,, 1964; Baines, 1974), Rotylenchulus 
reniformis (Sivakumar and Seshadri, 1972; Taha and Kassab, 1979), 
Kotylenchus robustus (Geraert, 1967), Helicotylenchus dihystera 
(Rao and Swarup, 1977), Tylenchorhynchus microdorus (Geraert, 1967), 
T. dubius (Geraert, 1967; Sharma, 1968; Brzeski, 1970a), T. vulgaris 
(Upadhyay and Swarup, 1972), Quinisulcius solani (Maqbool and Hashmi, 
1986), Hoplolaimus galeatus (iVic Sorley, 1978), Tylenchus leptosoma 
(Geraert, 1967), Belonolaimus gracilis (Holdeman, 1955), 
B. euthychilus (Rau, 1963), B. nortini (Rau, 1963), B. longicaudatus 
(Miller, 1972; Robbins and Barker, 1974), Criconemoides xenoplax 
(Seshadri, 1964), C, caelatus (Raski and Golden, 1965), 
C, quasidemani (Raski and Golden, 1965), Hemicriconemoides chitwoodi 
(Chang and Raski, 1972), Hemicycliophora arenaria (Van Gundy and 
Rackham, 1961), Dorylaimids (Norton et aJL., 1971), Xiphinema 
brevicolle (Cohn, 1969), X, diversicaudatum (Cohn, 1969), X. italiae 
(Cohn, 1969), X. bakeri (MC £lroy, 1970), X. vulgare (vVilliams and 
Luc, 1977), X. index (Coiro and Lamberti, 1978; Harris, 1979), 
X, pachtaicum (Harris, 1980), X, americanum (Harris, 1980), 
Longidorus brevicaudatus (Cohn, 1969), L. breviannulatus (Norton 
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and Hoffmann, 1974), Trichodorus similis (Barbez, 1983), 
1' christiei (Thomason, 1959), T. pachyderjius (Sol and Seinhorst, 
1961) and Paratrichodorus pachydermus (Barbez, 1983),, 
These soils due to high porosity provide enough space 
for nematode movement and moisture for activities. 
On the other hand light soils have been reported unfavour-
able for the multiplication of Globodera rostochiensis (Ahlberg, 
1951), Tylenchorhynchus clarus on G. barbadence (Kheir et_ al_,, 
1977), Rotylenchulus reniformis on Ricinus communis (Mukhopadhyaya 
and Haque, 1980) and X. diversicaudatum (D'Herde and van den Brande, 
1964). 
There are instances of heavier soils such as clay, silt, 
clay-loam, silt-loam, silt-clay, clay-sand and silt-clay-loam, 
supporting multiplication of nematodes e.g. Meloidogyne spp„ 
(ivdnton, 1957), Heterodera avenae (Putnam and Chapman, 1935), 
H„ gottingiana (Brown, 1958), H, schachtii (Caveness, 1958), H. 
punctata (Geraert, 1967), H. trifolii (Geraert, 1967), Pratylenchus 
minyus (Oostenbrink, 1954), P, coffeae (Riggs et al_,, 1956), P. 
hexincisus (Norton, 1959; Thome and Malek, 1968; fvicSorley, 1978), 
Po thornei (Thorne, 1961; Grandison and Wallace, 1974; Decker and 
El-Amin, 1980), Ditylenchus dipsaci (Seinhorst, 1950, 1956), 
Helicotylenchus dihystera (Mc Glohon _et aJL., 1961; Rao and Swarup, 
1977), Ho digonicus (Brzeski, 1970a), H. pseudorobustus (Norton 
ei al,., 1971; Mc Sorley, 1978), Tylenchorhynchus lamelliforms 
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(Geraert, 1967), T. clarus (Kheir e_t al,, 1977), T. agri (Coates-
Beckford, 1984), Aglenchus costatus (Geraert, 1967), Baslria 
araminophila (Thorne and i^ alek, 1968), Dolichodorus heterocephalus 
(Christie, 1952), Boleodorus thylactus (Geraert, 1967), Paratylen-
chus pro jectus (Mc Glohon _et al,., 1961; Brzeski, 1970a), Xiphinerna 
diversicaudatum (D'Herde and van den Brande, 1964), X. index 
(Cohn and Mordechai, 1970), X, pachtaicum (Navas and Arias, 1981), 
Longidorus africanus (Cohn and Mordechai, 1970) and Paralongidorus 
australis (Stirling, 1985). The clay component, however, determines 
the suitability of the soil texture for multiplication of nematodes 
(Prot and Van Gundy, 1981)» In case of soil with high percentage 
of clay, the multiplication of nematodes, by and large is not 
supported owing to less pore space and more of moisture retention 
capacityo 
The multiplication of iweloidogyne sp, (Sleeth and 
Reynolds, 1955; Taylor and Nelson, 1981; Taylor £t aJ^ ,, 1982), 
Helicotylenchus pseudorobustus (Norton e_t ad„, 1971), Xiphinerna 
americanum (Ward, i960; Norton e_t al., 1971) and X. diversicaudatum 
(Navas and Arias, 1981) was not supported by heavy soils. High 
moisture retaining property of heavy soils due to hydrophillic 
colloidal nature (Ward, i960) and minimum porosity which restrict 
the nematode dispersal through the soil (Taylor et al.., 1982) 
became chief limiting factor for population build-up. However, 
there are also indication of soil type having no influence on 
multiplication of nematodes such as Pratylenchus sp, (Hollis and 
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Fioldinc, 1958), Po penetrans (Dickerson et al,, 1964), Meloidogyne 
sppo (Bridge, 1972; Ogbugi, 1976; Caveness, 1976a; Clowe, 1978; 
Taylor and Nelson, 1981), Heterodera schachtii on rape, radish and 
mustard (Zaspel and Fichtner, 1985), Hoplolaimus sp. (Hollis and 
Fielding, 1958), Helicotylenchus sp. (Hollis and Fielding, 1958), 
H. pseudorobustus (Geraert, 1967), Tylenchorhynchus sp. (Hollis and 
Fielding, 1958), T. maximus (Geraert, 1967), Rotylenchus falloro-
bustus (Geraert, 1967), R. goodeyi (Geraert, 1967), Aphelenchus 
avenae (Geraert, 1967), Tylenchus agricola (Geraert, 1967), 
T. baloghi (Geraert, 1967), T, magnidens (Geraert, 1967), Merlinius 
brevidens (Geraert, 1967), Xiphinema sp. (Hollis and Fielding, 1958) 
and Trichodorus sp. (Hollis ana Fielding, 1958). 
Effect of soil pH 
Soil pH though docs not affect nematodes directly but it 
affects plant physiology and thereby affecting the nematode popula-
tion indirectly (Loewenberg _et al„. I960; Duggan, 1963; Vi/allace, 
1966b; Edmunds, 1967; iMorgan and Mac Lean, 1968), There have been 
contradictory reports about the influence of soil pH on nematode 
multiplicationo Godfrey and Hagan (1933) observed that the degree 
of root-knot galling on cowpea and pine apple was not influenced by 
variation in soil pH between 4.0 to 8o5. Similarly, Mai and Harrison 
(1959) found a little influence of soil pH on the susceptibility of 
potatoes growing under normal range of pH to attack by Globodera 
rostochiensis. However, soil has little effect on multiplication 
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Globodera rostochiensis (Peters, 1926; Fenwick, 1951), Tylencho-
rhynchus martini (Mollis, 1958), Meloidpgyne hapla and ji. javanica 
(Bird, 1959) and Criconernoides xenoplax (Lownsbery, 1961). 
Simon (1955) stated that there had been close correlation 
between soil pH and the infection of plants by larvae of Heterodera 
schachtii. On the other hand, Kincaid and Gammon (l957) and Brzeski 
and Dowe (l969) obtained a negative correlation between pH of soil 
and population of Meloidogyne sp,, Pratylenchus sp, and Tylencho-
rhynchus dubius. There are other reports wherein a negative corre-
lation between soil pH and nematode population has also been 
observed e„g. Smith (1929) and Robinson and Neal (1956) on Globodera 
rostochiensis, Morgan and MacLean (1968) on Pratylenchus penetrans, 
Kincaid _et a^. (1970) on Meloidogyne incognita, P, brachyurus and 
P. penetrans, Brzeski (1970a) on P„ crenatus and Tylenchorhynchus 
dubius, Norton et. ^ , (l971) on Hoplolaimus galeatus and Navas and 
Arias (1981) on Xiphinema diversicaudaturn. The hatching of larvae 
°-^  ^ 't^ loidogyne incognita was highest at pH 7.0 while there was an 
inhibition in hatching at extremes of both alkaline and acidic pH 
levels (Ahmad and Khan, 1964). The hatching of Meloidogyne javanica 
was inhibited below pH 5^ 2 but it reached highest between 6,4 and 
7,0 (Jallace, 1966a) <. Rao and Israel (l97l) reported that larval 
invasion was highest at pH 3.5 in M, graminicola. pH 6,0 was found 
most suitable for the maintenance of population of Hoplolaimus 
galeatus, Pratylenchus alleni and Xiphinema americanum (Burns, 1971). 
The multiplication of Pratylenchus penetrans after 30 weeks on 
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"Vernal" alfalfa was significantly greater at pH 5.2 and 6.4 than 
4,4 and 7,3 (Willis, 1972). Upadhyay and Swarup (l972) found a pH 
range of 5.5 to 7.7 favourable for the multiplication of Tylencho-
rhynchus vulgaris on maize, Husain et_ al,, (1981) found that a pH 
range of 7,4 to 7o8 was favourable for multiplication of Tylenchulus 
semipenetrans on citrus, Taylor and Nelson (1981) and Taylor £t _al.. 
(l982) while reporting correlation between soil pH and the frequency 
of Meloidogyne incognita and M. javanica observed that frequency of 
occurrence of both the nematodes was high in soils with pH 7,0 and 
8o0. Acid soils having a pH range of 4.6 to 5,6 were suitable for 
the development of M. hapla and P, penetrans whereas Longidorus 
elongatus multiplied well in soil at pH 6,6 (Szczygiel ejb al,, 1983), 
A positive correlation between soil pll and nematode popu-
lation has also been observed by Hllenby (1946) in Globodera 
rostochiensis, Duggan (l963) in Heterodera avenae; Seshadri (1964) 
in Macroposthonia xenoplax; Van Gundy et al, (l964) in Tylenchulus 
semipenetrans; Schmitt (1969) in Tylenchorhynchus maximus and T. 
nudus; Brzeski (l969, 1970a) in Heterodera schachtii; Brzeski (1970a) 
in Pratylenchus penetrans, P. neglectus and Tylenchorhynchus micro-
dorus; Norton e_t al. (1971) in Helicotylenchus pseudorobustus; 
Norton and Hoffmann (1974) in Helicotylenchus platyurus, H. pseudo-
robustus and Xiphinema americanum; Trevathan £t al. (l985) in 
Pratylenchus zeae, Tylenchorhynchus martini and Helicotylenchus 
dihystera. 
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Effect of NPK 
The results on the combined effect of NPK on nematode 
multiplication have not been consistent. Baranovskaya ejt ail„ (l975) 
observed an increase in the total number of parasitic species of 
nematodes in the rhizosphere of rye, both in monoculture and in 
rotation after application of mineral fertilizers. Similar increase 
in the population of nematodes as a result of fertilization with 
NPK has been observed in Rotylenchulus reniformis (Sivakumar and 
Meerzainuddin, 1974), Pratylenchus projectus (Kozlowska and Domurat, 
1977), Globodera rostochiensis (Dovve and Decker, 1981) in eroded 
soils (Mukhametshin, 1982), Pratylenchus brachyurus (Hgunjobi, 1984), 
Heterodera oryzicola with rice (Jayaprakash and Rao, 1984), 
Pratylenchus spp,, Tylenchorhynchus spp^, Macroposthonia, Paraty-
lenchus, Helicotylenchus, Boleodorus and Aphelenchus (Klinger and 
Kunz, 1986). 
cguiguren _et al, (1979) reported that there was an inverse 
correlation between N levels and population of criconematoides, 60 
days after plantings when half the dosage of N was added to the soil 
at the time of potato planting and the rest 45 days later, A decrease 
in the index of reproduction at highest level of N and P (250 kg/ha 
and 320 kg/ha, respectively) was observed by themo At high N 
(150 kg/ha) but low P (50 kg/ha) levels, populations of nematodes 
were about equal to those in control plots. The response of 
Trichodorus to N and P was similar to that of Criconemoides but the 
multiplication of Tylenchorhynchus and Dorylaimus was less inhibited. 
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Katalan-Gateva e_t al.. (1979) observed a reduction in population of 
nematode in general and J'v.eloidogyne incognita in particular as a 
result of NPK fertilizers. Reduction in nematode populations in 
general as a result of IM'PK fertilizers has been reported by Badra 
e_t al. (1980), Berankova and Saly (l980), Sen and Dasgupta (1983), 
Klinger and Kunz U986), Berger et al. (l986). On the other hand, 
iViishra and Prasad (l974) found no significant reduction in nematode 
population associated with wheat as a result of application of NPK 
fertilizers. 
Effects of Nitrogen 
Ross (1959) pointed out an increase in the population of 
Heterodera glycines with the application of nitrogen fertilizers, 
presumably by providing more feeding sites through stimulation of 
root growth. Nitrogen fertilization also resulted in an increase 
in the population of Aphelenchoides besseyi on variety R.H. 2 but a 
decrease in populations on B.D.2 of rice in Sierra Leone (Terry and 
Dasgupta, 1973)<> As a result of addition of nitrogen fertilizers, 
an increase has been observed in the population of Meloidogyne 
incognita on okra (Haque et al,, 1972), Paratylenchus projectus on 
sunflower (Kozlowska and Doraurat, 1977), Xiphinema mediterraneum 
(Kostadinov, 1980), Scutellonema bradys on Dioscorea rotundata 
(Obigbesan and Adesiyan, 1981), members of Criconematidae, 
Tylenchidae and Dorylaimids on short grass prairie (Smolik and Dodd, 
1983), Thylenchids and Cephalobids on barley (Sohlenius and Bostrom, 
l986)o 
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A significant increase in the populations of Rotylenchulus 
reniformis was observed with foliar applications of urea, ammonium 
nitrate and ammonium sulphate on seedlings of Plea europaea (Badra 
and Khattab, 1980), Prasad and Rao (1980) reported a direct corre-
lation between the final populations of Pratylenchus indicus on 
rice, 30 days after inoculation with increasing levels of nitrogen 
(O, 40, 80 kg/ha) in the absence of or in combination with phosphorus 
(O, 40 kg/ha) and potassium (O, 40 kg/ha),, 
Amides forms of nitrogenous fertilizers, however, slightly 
reduced the prevalence of Ditylenchus destructor infection on seed 
potatoes. On the other hand, ammonium nitrate fertilizers favoured 
nematode multiplication (Artein'ev, 1976), 
Shubina (1975) founds a significant reduction in popula-
tions of Ditylenchus dipsaci on onion particularly by high doses of 
nitrogen applied in the form of ammonium-nitrate. Zinov'eva and 
Turlygina (l977) observed inhibitory effect on the growth of female 
of r^ leloidogyne incognita and a reduction in the total number of ova, 
although the number of synchronous ova remained the same. Inhibitory 
effect of nitrogen fertilization has also been reported in Pratylen-
chus penetrans (Patterson and Bergeson, 1967; -ialker, 1971; Iv'iyers, 
1981), P. minyus (Kimpinsici e_t al.., 1976), Heterodera glycines on 
non-nodulating soybeans (Ross, 1969), £i. incognita on lima beans 
(Oteifa, 1955), Meloidogyne spp» (Pant £t al,, 1983), M. javanica or 
cowpea (Verma and Gupta, 1986), Rotylenchulus reniformis on tomatoes 
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(Badra, 1980), Helicotylenchus pseudorobustus (Castaner, 1966), 
Helicotylenchus spp. (Villanueva e_t ad.., 1978), Hoplolaimus galeatus 
(Castaner, 1966), Belonolaimus longicaudatus on turf (Heald and 
Burton, 1968), Tylenchorhynchus and Xiphinema on su,arcane 
(Villanueva ejt ^ ,, 1978), tylenchids nematodes on eggplant and okra 
(Khan et al., 1986). 
Oteifa (1955), Eno et al. (l955) and Walker (1971) the 
suggested that the ammonia produced during the decomposition of 
nitrogen fertilizers was x-esponsible to bring the nematode popula-
tion down, Oteifa (1955) observed that ammonium ions were inhibi-
tory to the hatching of M. incognita eggs. 
Mishra and Prasad (l974) found no significant reduction 
in nematode population associated with wheat with the application 
of urea. Similar, insignificant effect of nitrogen has also been 
observed on Heterodera avenae by Brzeski et al. (1971), Meagher 
(1972), Brown and Rovira (l974) and Sakhuja et_ a^, (1978). 
Different forms of nitrogen fertilizers are not equally 
effective. The nitrate v;as least effective in bringing down the 
population of Pratylenchus penetrans (Walker, 1971), similarly, 
ammonium sulphate was least effective against emergence of juveniles 
°^ Meloidogyne javanica than urea or ammonium nitrate which caused 
100% inhibition (Yousif and Badra, 1981). On the other hand, acid 
ammonium sulphate has been reported inhibitory to nematode popula-
tion in an alpine pasture (Berger et_ alo, 1986). Organic nitrogen 
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in the form of activated sewage sludge reduced numbers of 
Belonolaimus longicaudatus and Hypsoperine graminis on turf more 
than did inorganic nitrogen (Heald and Burton, 1968), Galling of 
tomatoes was reduced also by sludge additives, possibly resulting 
from toxicity of chemicals released during incubation of the sludge 
(Habicht, 1975), 
Nematodes in Manitoba soils generally decreased in clay 
with increasing nitrogen, but numbers increased in sand with 
increased nitrogen (Kimpinski and V/elch, 1971), indicating that 
soil factors may be important. 
Effects of Phosphorus 
Phosphorus fertilizers brought about an increase in the 
numbers of Xiphinema americanum on sour cherries (Kirkpatrick e_t al». 
1964), Meloidogyne incognita on okra (Hague ejt aJ^ ., 1972), Aphelen-
choides besseyi on rice (Terry and Dasgupta, 1973) and Xiphinema 
mediterraneum (Kostadinov, 1980) on vines, M, incognita on cotton 
(Smith £t al„, 1986) and tylenchid nematodes on eggplant and okra 
(Khan et al., 1986). 
Pant e_t al. (1983) and Verma and Gupta (1986) observed a 
reduction in numbers of root-knot nematode, Meloidogyne on tomato 
cv, marglobe and cowpea respectively, A 1% solution of superphos-
phate inhibited the growth of female M. incognita. In the plant 
tissue superphosphate acted by increasing protein synthesis and 
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plant cell activity and thus by intensifying the immune state of 
the plant host. On D, dipsaci, a reduction in the deoxyribonuclease 
II activity was observed with lowest being in the least fecund nema-
todes. A j\i P was reduced under the influence of superphosphate, to 
76 ug/mg protein from 141 ug/mg in the control nematodes (Zinov'eva 
and Turlygina, 1977; Zinov'eva, 1979), 
iviore studies are needed to make any generalization on the 
role of P on nematode multiplication. 
effects of Potassium 
Kirkpatrick ejt al, (1964) reported that the population of 
Pratylenchus penetrans was higher in potassium deficient soils. 
Application of K2S0^ at 0 to 2,3 kg per of sour cherry tree in the 
absence of phosphorus, increased the numbers of Xiphinema americanum 
and also increased plant top growth, vVhen 2,3 to 4.5 kg K2SO4 vvas 
added per tree, numbers of X, americanum decreased, but plant root 
and top growth also decreased, IVhen deficient, optimum, and 
excessive amounts of potassium were applied to lima beans, only 
minor differences were noted in the development of /.leloidogyne 
incognita between entry into the roots and development into fully 
grown females (Oteifa, 1953), As the potassium was increased, 
however, the development from fully grown females to maturity and 
egg deposition proceeded more rapidly. Pant ejt sil, (1983) found a 
significant increase in size of females of root-knot nematode reared 
on plant roots grown in "K" fertilizers alone. Similarly the neck 
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length and median bulb length also increased, Oteifa (1951) also 
found that at a low inoculum level the reproduction rate apparently 
was limited by the available potassium. At higher inoculum levels 
and higher rates of potassium, the reproduction rate was limited by 
the available potassium. At higher inoculum levels and higher rates 
of potassium, the reproduction rate was correlated more with the 
amount of root tissue available and competition with other nematodes 
rather than with the level of potassium, Kincaid et al, (l970) 
reported a positive correlation between root-knot, coarse root and 
amount of K2O applied, with maximum disease occurring at application 
of 896 kg/ha. Low potassium levels retarded the rate of root-knot 
nematode development but development was accelerated at higher 
levels of potassium (Shands and Crittenden, 1957; Marks and Sayre, 
1964; jncClure and Viglierchio, 1966; Hague e_t al.,, 1972, 1974; Ismail 
and Saxena, 1976, 1980; Pant £t al., 1983; Sen and Dasgupta, 1983; 
Verma and Gupta, 1986), Khan ej; al.. (1986) observed an increase in 
the population of tylenchid nematodes associated v;ith eggplant and 
okra with an increase in the dosages of muriate of potash. However, 
Oteifa (1952) observed that increased potassium potassium overcame 
the damaging effects of Meloidogyne incognita in lima beans, Oteifa 
et al. (1964) pointed out that there was an initial increase in the 
population of Tylenchorhynchus latus around cotton, but this increase 
did not continue beyond the early stages of growth of plants. 
Populations of Aphelenchoides besseyi tended to decline 
on varieties R.H,2 and B.D.2 of rice under tidal mangrove swamp in 
Sierra Leone due to potassium fertilization (Terry and Dasgupta, 
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1973). Similarly, populations of Ditylenchus dipsaci were signifi-
cantly reduced on fertilized plots of onion particularly by high 
doses of potassium salt (Shubina, 1975). Sivakumar and Meerzain-
uddin (1974) reported a reduction in the multiplication of 
Rotylenchulus reniformis on okra with the application of "K" 
fertilizer either alone or in combination with P or N. On the other 
hand, Ismail and Saxena (1980) found high rate of multiplication of 
*^ reniformis at all the levels of potassium they tested, 
Kostadinov (1980) observed an inhibitory effect of KpSO. 
at 160 kg/ha on Xiphinema mediterraneum populations after 10 years 
of examination. Similarly, Kaliram and Gupta (l982) found a signi-
ficant reduction in the population of Meloidogyne javanica on chick-
pea due to potassium, 
Kozlov;ska and Domurat (1977) obtained inconclusive results 
with potassium fertilizers on the population of Paratylenchus 
projectus and other phytonernatodes in sunflower cultivation, 
Hguiguren et al. (1979) also observed insignificant effect of K 
fertilizer on the population of dynamics of Criconemoides, 
Trichodorus, Tylenchorhynchus and Dorylaimus even though populations 
were diminished. 
Organic Matter 
Organic matter when applied to soil has been found to 
influence the nematodes (Linford and Oliveira, 1937, 1938; Mankau, 
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1962, 1968; Alam, 1976; Jain and Hasan, 1986). The incidence of 
root-knot was reduced by amending the soil with chopped pine-apple 
leaves (Linford and Oliveira, 1938; Linford and Yapp, 1938; Linford 
£t al.,, 1938), A reduction in population of cereal root eelworm 
was observed by adding chopped leaves to infested soil (Duddington 
and Duthoit, i960; Duddington £t al., 1961). Similar reduction in 
nematode population has been made by Singh (l965), Mankau (1962, 
1968), Singh and Sitaramaiah (l967, 1973); Lall and Haraeed (l969), 
Hameed (l970), Alain (1976) and Haseeb et. al.. (1984, 1984b) on 
decomposed leaves of many plants, viz. Pongamia glabra, Crotolaria 
juncea, Azadirachta indica, iMelia azadirach, Cassia fistula, 
C, occidentalis, Sesbania aculeata. Chrysanthemum sp., Datura sp., 
Tagetes sp„, alfalfa and cauliflower. Green manure when applied 
also reduced the nematode population (Hams and Wilkins, 1961; Gour 
and Prasad, 1970; Andreeva, 1975; Zaiyd, 1977; Sitaramaiah, 1978; 
Gupta and i^ am, 1981; Ram and Gupta, 1980, 1982) „ Hutchinson et al, 
(1960) succeeded in reducing the numbers of Hoplolaimus tylenchi-
formis and Pratylenchus penetrans when pumpkin fruits were allowed 
to decompose in field. Amendment of soil with peat moss and peat 
reduced the numbers of P, penetrans and _T, semi penetrans respect-
ively (Ualker and Specht, 1967; O'Bannon, 1968), Yuhara (1971a,b) 
found a gradual reduction in the population of M, hapla with soil 
amendments with Crotolaria sp, and Tagetes sp. but there was no 
effect on the population of Tylenchorhynchus dubius and Hoplolaimus 
sp. by adding homogenized leaves of corn, tomatoes and hemlock 
(iVU.ller et al.., 1973; lAlller, 1978). 
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Farm yard manure has been reported to have an adverse 
effect on nematode population, ultimately resulting in a better 
vigour and yields of crops (van der Laan, 1956; Nollen, 1964; Patel 
and Desai, 1964; Vlk, 1^72, 1973; P^ esck ejt^., 1982). 
Reduction in root-knot galls on tomato caused by 
'•'* ir^ cognita was directly proportional to the quantity of compost 
(Guiran and Bonnel, 1979), Root-knot formation on jute and rice 
was minimised by incorporating decaffeinated tea waste and water 
hyacinth compost in soil but there are reports where no such effect 
has been observed (^ Jager, 1945; Alam, 1976). 
An inhibitory effect of dry residues such as oat straw, 
alfalfa, orchard grass, fescue and flax residues have been observed 
on root-knot nematodes infecting tomato (Johnson, 1959, 1962, 1963, 
1971, 1972, 1974; Johnson et. al., 1967), Number of Tylenchulus 
semipenotrans v/as reduced in the soil amended with oat hay, aflalfa 
hay, alfalfa pallets, cotton waste and sugarbeet pulp (Mankau, 1962; 
Mankau and Minteer,1962), Walker and Specht (1967) observed a 
decline in the populations of Po penetrans with cereal straw, oat 
straw, buck wheat hull, cocoa been hull and timothy hay. Popula-
tions of Belonolaimus longicaudatus and other phytonematodes were 
likewise reduced by the application of rice straw at the rate of 
9o0 or 17„9 t/ha (Tomerlin and Smart, 1969)„ Similarly wheat straw 
(Gour and Prasad, 1970) and paddy husk (Sikora et al,, 1973; 
Choudhary, 1981) were inhibitory to root-knot nematodes. 
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Anagallis arvensis (Nene and Thapliyal , 1966), Erjgeron 
linifolius (Nene and Kumar, 1967), Helenium hybrid (Gommers, 1971), 
ginger, garlic and pepper (Sukul e_t al.., 1974), Urtica urens and 
Cephaloria syriaca (Mohammad _et _alo, 1981), Argemone maxicana and 
garlic (Nath e_t al,,, 1982a, b), Digitaria decumbans (Haroon and 
Smart Jr., 1983) and Tagetes patula (Rajvanshi e_t al.., 1985) have 
been reported to contain nematicidal principles in their root 
extracts or root exudates. « -terthienyl (Uhlenbroek and Bijloo, 
1958) and 5-(3-buten-l-ynyl)-2,2'-dithienyl (Uhlenbroek and Bijloo, 
1959) are some of the naturally occurring nematicidal principles in 
the roots of Tagetes spp,, which led to the synthesis of nematicidal 
diethienyl (Uhlenbroek and Bijloo, I960) and dithienylethenes 
(Handele, 1971), 
Inibitory effect of Portulaca oleracea, Thymus serphyllum, 
Coriandrum sativum, Martricaria chamonilla, Peristropha bicalyculata, 
Tragia involucrata, Anthocephalus kadamba, Ocimum sanctum, Ocimum 
basilium, Moringa pterygosporma, Tagetes erecta, ^ Limosa pudica, 
ginger, pepper and various other plants have been observed on root-
knot nematode by Abivardi (1971), Sukul £t al. (1974), Mukherjee and 
Sukul (1978), Hoan and Davide (1978), Chatterjee and Sukul (l980, 
1981) and Chatter jee .et al,. (l982)o Similarly, Azadirachta indica 
leaf extract significantly reduced the root population of 
Pratylenchus brachyurus under semifield condition (Egunjobi and 
Afolami, 1976)o 
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Sawdust when applied to soil reduced the development of 
root-knot nematode on various crops and its efficacy increased 
considerably with inorganic fertilizers (Singh e_t al.,, 1967; Singh 
and Sitaramaiah, 1967, 1971a,b; Srivastava e_t ed,, 1971; Hasan, 
1977)o Miller and Edgington (1962) and Wdller and Wihrheim (1966) 
obtained considerable reduction in the population of P. penetrans 
and Heterodera tabacum by amending the soil with chopped paper and 
white pine sawdust respectively. Amendment of soil with pure 
chitin reduced the numbers of Meloidogyne incognita as well as 
development of root-gall (Mankau and Das, 1969, 1974). Similar 
results were obtained with chitin and cellulose either alone or in 
combination whether in pure or crude form by Mankau (l963), Singh 
and Sitaramaiah (l970), Mankau and Das (1974), iVdller et aJ^ . (1973), 
Muzzarelli (1977), Saka (1978), Mian e^ ^ . (l982), Rodriguez-
Kabana £t al. (1983, 1984) and Culbreath e^ al„ (l985)o 
Sitaramaiah et_ al. (1974) observed that soil amended with 
aqueous extract of sawdust had inhibitory effect on the liberation 
of eggs in M, javanica. Moreover, the distillates of sav/dust 
obtained at high temperature and under reduced pressure were found 
to be nematicidal. 
Soil amendment with bone meal significantly reduced the 
population of Hoplolaimus indieus, Heljcotylenchus inducus, 
Rotylenchulus reniformis, Tylenchorhynchus brassicae, Tylenchus 
filiformis and Meloidogyne incognita in different crops (Alam £t al., 
1977b). 
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Amongst different oryanic amendments, oil-cakes have been 
consistently found to reduce the poi-.ulation of nematodes. The popu-
lation of root-knot nematode (m. javanica), sugarbeot eelworm 
(Heterodera schachtii) and citrus nematode (Tylenchulus semipenetrans) 
was reduced considerably by using castor pomace (,Lear, 1959; i\iankau 
and J'vtinteer, 1962), However, amendment was more effective in green 
house than in the fielc (Mankau, 1963)» Similarly, l-iiller and 
Taylor (1970) obtained satisfactory control of Heterodera tabacum 
in soil amended with castor pomace. 
The population of root-knot nematode was reduced by 
incorporating the soil v.lth tung nut (Gill, 1952) and that of 
lesion nematodes with corn and soybean meals, efficacy of soybean 
meal was found to be more in unsterilized soil or with certain 
microbes which indicated that probably the microbial degradation 
of the rnoal was essential for reduction in nematode population 
(./alker et al., 1967; ./alker and Specht, 1967). 
Reduction in root-knot development was also observed by 
amending the soil vath Karanj-cake (Pongamia flabra) (Singh, 1965), 
Goswami and Swarup (1971) found a considerable reduction in the 
population of M. incognita with oil-cakes of linseed, neem, peanut 
and karanjo However, the efficacy of peanut and karanj-cakes was 
more than others. Soil amendments with margosa, castor, mustard, 
linseed, mahua and coconut in soil, three weeks prior planting, 
significantly reduced the incidence of root-knot nematode M. javanica 
on okra and tomato (Singh and Sitaramaiah, 1973), Similar results 
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have been obtained by Khan e_t ^ . (1966), Singh and Sitaramaiah 
(1966, 1971), Gowda (l972), Gowda and Sh.^ tty (1973), Alam £t al.. 
(1980) on to :ato, Khan et. al. (1966) and Singh and Sitaramaiah 
(1966, 1971), Bhatnagar et. ^ . (1978) on okra, Trivedi et ad, 
(1978), Alair. e:b al. (1980) on chillies, Desai £t al, (1979) on 
tobacco and Alam £t alo (1980) on egg plant, Gour & Prasad (1970), 
Ala::, and Khan (l974), i.lshra and Prasad (1974), Khan et. al. (l976),-
iuathur and Prasad (1973), Ala-a (1976), Ismail ejt al„ (l976), 
Siddiqui e_t al. (1976), Alam e^ al, (l977a,c) and Janeh and 
Lamberti (1983) on crops such as wheat, paddy, blackgram and 
vegetables by using different oil-cakes. 
The water soluble fractions of oiled and deoiled cakes 
and their distillates have been reported to be toxic to different 
plant parasitic nematodes (iChan et a^,, 1966, 1974b; Deshmukh and 
Prasad, 1969; Rao and Prasad, 1969; ./dshra and Prasad, 1973; 
Pillai^ai., 1974; Sitaramaiah et. al.,, 1974; Alamejt al.,, 1982), 
Desai et, al. (1979) and Lanjewar and Shukla (1986) observed high 
mortality of iM, incognita in extracts of different oil-cakes viz, 
marotti, karani, neem, groundnut, linseed, sesamum, mahua, cotton 
and kokam oil-cakes where as that of Ai. javanica in aqueous 
extract of margosa cake (Sitaramaiah and Singh, 1977), 
Nematophagous Fungi 
Amongst the biotic factors the role of nematophagous 
fungi in the control of nematode cannot be under estimated 
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(Linford, 1937). As early as 1941, Drechsler while reviewing the 
literature termed the fungi attacking nematodes as predacious fungi. 
In the majority of cases, the species recorded came from decaying 
organic nattero Hoivever, in 1954 it was shown that they were also 
present commonly in soils. These fungi probably exist in the soil 
mainly as spores. tVhen the spores germinate they have two possible 
phases of activity-saprophytic and predatory. Addition of orgaiiic 
matter to soil stimulated many of nematode trapping fungi into 
saprophytic competition Vi/ith other organisms. Only after intense 
competition and at high nematode populations these fungi began to 
feed on nematodes (Jatala, 1982). 
Nematophagous fungi are generally categorized into two 
biological groups- the ne.natode trapping fungi and the endozoic 
species. i'.:OSt of the nei.iatode trapping fungi such as Arthrobotrys 
conoides (Cayrol ejt al^, 1978; Al-Hazmi ejt al.., 1982a), 
A„ irregularis (Cayrol and Frankowski, 1979; Garyrol, 1983); 
A. oligospora (Cayrol and Imerglik, 1983; Nansen _et aJLo, 1986; 
vValia and Swarup, 1986), A, tortor (Cayrol a^ -d Imerglik, 1983), 
etc„ operate by formation of high characteristic nematode traps, 
on a mycelium. These are principally of four types, namely 
adhesive netv;ork, adhesive knobs, non-constructing rings and 
constructing rings (Barron, l977)o The network and knobs capture 
nematodes by a remarkable adhesive, usually secreted in response 
to contact by a nematode, which holds the nematode firmly to a 
netv;ork or knob cell. After a short interval the fungus grows 
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into the war;., and destroy it. Non-constructing rings are of a 
diameter rather less than that of most nematodes. A neraatode 
pushing into the ring, which is typically borne in an upright 
position on its stalk, becomes wedged and invasion follows. The 
remarkable cons-tructing ring, when touched by a nematode pushing 
into it, snaps forcefully shut and firmly grips the worm, which is 
duly Invaded, On the other hand, enaozoic parasites such as 
Harposporium anguillulae, Catenaria anguillulae (Birchfield, i960; 
Boosalls and kankau, 1965; Sayre and Keeley, 1969; Dollfus, 1946; 
Esser and Sobers, 1964; Gray, 1984), Nematoctonus biosporus 
(Durschner-Pelz, 1987) and i^» haptocladus (Stirling and Kerry, 
1983) attack their prey through the production of sticky spores 
that on contact adhere to the cuticle and germinate, forming tubes 
which penetrate the noiaatodes. In other endozoic parasites, spores 
are ingested by the noiaatode, their p^metration usually occurs 
internally through the esophagus. After penetration, the fungus 
forms an endozoic mycelium, and V'lhen the host dies, fertile hyprae 
grow out and bear new conidia. The discovery of parasitic on eggs 
of plant parasitic nematodes such as Paecilomyces lilacinus (Jatala, 
et al,, 1979,1980j, 1981; i-ranco £t ail., 1981; Goday et al., 1983; 
Gintis ex al., Iv83; i^ iorgan-Jones e_t al., 1983, 1984; Noe and 
Sasser, 1984; Morgan-Jones and fiodriguez-Kabana, 1984; Croshier 
et ado, 1985; Dackman and Nordbring-Hertz, 1985; Ereire and Bridge, 
1985; Roman and Rodriguez-Marcano, 1985; midha, 1985; Davide and 
Zorilla, 1986; Sayre, 1986), P„ nostocchoides (Dunn, 1983), 
Verticillium chlamydosporium (Hartwig, 1981; Kerry and Crump, 1982; 
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Thomas, 1982; Kerry et ai,, 1982a,b; Crump and Kerry, 1983; Heij-
broek, 1983; Gintis e_t al.o, 1983; Godoy ejt al., 1983; Morgan-Jones 
et al., 1983, 1984; Kerry £t ^ ., 1984; Vinduska, 1984; Dackman and 
Nordbring-Hertz, 1985; Freire and Bridge, 1985), V, falcatum 
(Vinduska, 1984), Nematophthora gynophilla (Hartwig, 1981; Kerry 
and Crump, 1982; Kerry £t ^ ., 1982a, b; Crump and Kerry, 1983), 
Dactylella oviparasitica (Stirling et al.,, 1979), Hirsutella 
rhossiliensis (Stirling and Kerry, 1983; Cayrol ejt al,, 1986; 
Cayrol and Frankowski, 1986; Ciancia ejt al., 1986), Fusarium 
oxysporum (Nigh £t al., 1980a; Gintis £t al.., 1983; Godoy et al.. 
1983; Vinduska, 1984), Fusarium solani (Gintis £t aJ,., 1983), Meria 
coniospora (Gray, 1984), Nematophthora gynophilla (Sayre,~ 1986), 
Aureobasidium pullulans (Morgan-Jones £t alo. 1984), Curvularia 
pallescene (Walia and Swarup, 1986), Humicola grisea (Vinduska, 
1984), A. niger (Dahiya and Singh, 1985), Glomus fasciculatum 
(Francl and Dropkin, 1985), G, intraradices (Smith e.t al.,, 1986) 
has opened a new approach of nematode control programme„ 
Predatory Nematodes 
Predacious nematodes have also been reported to 
influence the multiplication of nematodes (Cobb, 1920; Azmi, 1983; 
Small and Grootaert, 1983), Nematodes in Mononchida like Clarkus 
papillatus (Steiner and Heinly, 1922; Thorne, 1927), Lotonchus 
brachylaimus (Cassidy, 1931), Mylonchulus sogmaturus (Cohn and 
Mordechai, 1974), Mononchus tunbridgensis (Nelmes, 1974), 
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Prionchulus punctatus (Small, 1979), Dorylaims like Dorylaimus sp. 
(Linford and Oliveira, 1937), Thornia sp. (Boosalis and Mankau, 
1965; Stirling and Mankau, 1977) and Diplogasteroidea are largely 
predacious although the actual feeding habit of most species is 
unknown. An obligatory predatory genus, Seinura tennicaudata 
(Linford and Oliveira, 1937; Hechler, 1963) belongs to Apelenchoideac 
Phytoparasitic nematodes in soil, biota have also been 
found to be attacked by the enemies such as tardigrade (Linford and 
Oliveira, 1938; Hutchinson and Streu, 1960; Doncaster and Hooper, 
1961; Esser, 1963), turbellarians like Adenoplea sp, (Sayre and 
Powers, 1966), Collembola like Friesea, Isotoma sp,, Folsomia sp,, 
Hypogastrura sp,, Lepidocyrtus sp,, Qrchesella villosa, Isotoma 
notabilis and Onychiurus armatus (Brown, 1954; Murphy and Doncaster, 
1957), mites like Iviacrocheles sp. (Linford and Oliveira, 1938; 
Murphy and Doncaster, 1957; Kevan, 1962; Rodriguez £t a^., 1962), 
enchytraeids (Schaeffenberg and Tendl, 1951), protozoa like 
Theratromysea weberi, Urostyla sp„ (Zwillenberg, 1953; V/inslow and 
v7illiams, 1957; Doncaster and Hooper, 1961; Esser and Sobers, 1964), 
Viruses (Hollis, 1958; Loev^ enberg e_t al,, 1959; Ibrahim and Hollis, 
1973; Ibrahim £t al., 1973; McBride and Hollis, 1966) and bacteria 
like Bacillus penetrans (Prasad, 1971; Mankau and Prasad, 1972; 
Mankau, 1975; Mankau and Imbriani, 1975; Ibriani and Mankau, 1977; 
Sayre and vVergin, 1977; Dutky, 1978) and Pseudomonas spp, (Vi/ebster, 
1972), 
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Trap-Crop 
A drop in the population of nematodes particularly 
Heterodera and Globodera spp, has been worked out by a number of 
workers by using trap cropping practices, A crop which causes the 
nematodes to hatch is planted; if the crop is a host plant it must 
be destroyed before the nematodes mature, but if the larvae don't 
develop the crop can be allowed to mature normally, 
Kuhn (1891) is credited for the control of H, schachtii 
by the use of trap crops. He frequently used rape and succeeded in 
growing several crops in one season. Carroll and McMahon (1937, 
1939) obtained encouraging results by removing an April-planted 
potato crop five weeks after planting for trapping Globodera sp. 
Best results were obtained by digging up the plants with as many 
stolons as possible instead of removing complete root system, 
Solanum nigrum has been observed to stimulate hatching of Globodera 
rostochiensis. The roots are invaded but further development is 
checked (Winslow, l955b)o Similarly, Moriarty (1961) used Hesperis 
matronalis to stimulate H. schachtii to hatch but cyst formation 
was checked, Oats are an efficient trap crop for H. avenae and 
reduced the infestation in strips ploughed up in early July compared 
(Stone J96/> 
with strips in which oats were allowed to mature^ Brzeski and 
Radzikowska (1981) used early cabbage cv. Ditmarska as a trap crop 
for decreasing densities of Heterodera schachtii in Poland. 
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Crop Rotation 
Crop rotation is one of the oldest and most important 
method for the control of phytophagous nematodes that feed on the 
roots of annual crop plants« The value of rotations often was 
recognized long before their effect upon the dynamics of nematode 
populations and communities were considered. Crop rotation 
sequences for nematode management are designed to reduce the popu-
lation of nematode to minimum threshold so that it could cause 
minimum injury^ The cropping sequences will be most profitable if 
nematode has a narrow host range. Monoculture brought about consi-
derable increase in the population of nematodes (Chawla and Prasad, 
1973; Khan ejt aJ,., 1975, 1976). Cropping sequences involving 
legumes, Tagetes or incorporating fallow in the sequences consider-
ably decreased the population of important plant nematode genera 
(Alameial., 1976, 1977, 1980, 1981; Khan et al„, 1976), Khan and 
Khan (1973) observed that the multiplication of Rotylenchulus 
reniformis was not favoured by mustard. To reduce the multiplica-
tion of the nematodes, it is necessary to grow highly resistant or 
nonhost crops such as tobacco for Belonolaimus spo and Radopholus 
sp. (Holdeman and Graham, 1953; Smith and Thames, 1969) watermelon 
for Belonolaimus sp„ and Meloidogyne hapla (Holdeman and Graham, 
1953; Taylor and Sasser, 1978a), cotton for Criconemoides ornatus, 
Meloidogyne arenaria race 1 and 2, M, hapla, M. incognita race 1 
and 2, M. javanica (Johnson jet al., 1975; Taylor and Sasser, 1978a; 
Ruelo, 1981), barley for Ditylenchus dlpsaci, M, incognita, Nacobbus 
: 44 : 
aberrans, Pratylenchus indicus and Xiphinema diversicaudatum 
(Weischer and Steudel, 1972; Carter and Nietro, 1975; Vladimirova, 
1975; Gotten, 1977; Prasad and Rao, 1978) and oat for Globodera 
pallida, G, rostochiensis, Meloidogyne naasi, Nacobbus aberrans and 
Rotylenchulus sp, (Birchfield and Brister, 1962; Weischer and 
Steudel, 1972; Brodie, 1976; Gooris and D'Herde, 1976; Jatala,1982), 
If continuous cropping occurs, populations of nematodes 
and other pests will increase thereby reducing yields and profits 
(Jones and Parrott, 1969), Crop rotation, however, cann't be used 
to control nematodes with wide host range, e.g. Pratylenchus and 
Hoplolaimus spp, (Sasser e_t al,, 1982). 
Rotations of three or four years were effective in manag-
ing populations of most nematodes species. However, a few species 
are so persistent and long lived that management by rotation would 
permit the susceptible crop to be planted only once every seven or 
eight years (Anon, 1977). 
Rhizosphere and Rhizoplane Mycoflora 
Rhizosphere studies form an important component of patho-
genesis,, In nature plant encounters not only one pathogen but 
several micro-organisms both pathogenic and saprophytic (Timonin, 
1940; Katznelson and Richardson, 1948; Rovira, 1959; Peterson, 1961; 
Ranga Rao and Mukerji, 1971), 
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Relatively little attention was paid to rhizosphere till 
1929, apart from tho scattered investigations which supported 
Hiltner's observations, Starkey (1929a,b,c), initiated the detailed 
studies on the rhizosphere microflora. Subsequently considerable 
work has been done to determine quantitatively and qualitatively the 
rhizosphere and rhizoplane microflora,. The literature has been 
reviewed by Smith (1948), Katznelson et al,. (1948), Clark (l949), 
Lochhead (1952), Starkey (l958), Katznelson (1961, 1965), Rovira 
(1965b) and Parkinson (l967)o 
Rhizosphere studies have been carried out on different 
crop plant in India and abroad but most of the studies deal with 
plants infected with fungal pathogen (Agnihothrudu, 1959; Chattopa-
dhyay and Mukhopadhyay, 1967; Mukhopadhyay and Nandi, 1974; Singh 
et al., 1982; Vesely, 1985). 
In order to achieve better growth of plant, the rhizo-
sphere microflora has been modified by soil treatment (Voroshilova, 
1956; Venkatesan, 1962; Jalaluddin, 1975). Voroshilova (l956) 
observed that complete mineral fertilizers had little effect on the 
number of organisms in the rhizosphere; whereas Mosolov ejt al, (1959) 
reported increased counts in both rhizosphere and root-free soil 
with NPK fertilizers. Similar increase in R:S ratio with organo-
m.ineral amendments has been observed by Gadzhieva (1959) on winter 
wheat and Davey and Papavizas (i960) on bean and lupine, Venkatesan 
(1962) showed that addition of manures (green leaf, farmyard) 
lowered the rhizosphere effect of rice for bacteria and fungi for the 
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the first 45 days, after v/hich the R:S ratio increased from 4 to 
21 <, On the other hand, actinomycetes were affected least. Ferti-
lizer treatment (NPK in various combinations) brought out increase 
in R:S ratio with potassium but this increase was not higher than 
in untreated soil„ NP and NPK, however, lowered the R:S ratio. 
There had been little change in the rhizosphere mycoflora as a 
result of treatments with K fertilizers, Mishra (1972) showed that 
addition of superphosphate stimulated the rhizosphere mycoflora of 
Oryza sativa Linn. Similarly, Jalaluddin (l975) reported higher 
fungal and bacterial population from the rhizosphere of rice as a 
result of application of fertilizers. Lockwood (1985) reported 
that addition of urea in soil increased the amount of ammonia which 
resulted in the decrease in the population of Pythium ultimum, 
Thielaviopsis basicola and Macrophomina phaseolinap The information 
on the rhizosphere microflora of plants infected with nematodes is 
scanty (Bergeson e_t al,, 1970). These studies v;ill no doubt go a 
long way in understanding the disease complex situation involving 
nematode and fungi. 
Disease Complex 
As early as 1892, Atkinson reported an increase in the 
incidence of Fusarium oxysporum, the causal organism of wilt disease 
of cotton in the presence of root-knot nematode, Meloidogyne spp. 
Since then several interactions between nematode and fungi have been 
worked out by large number of workers and the literature has been 
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reviewed by Powell (1971), Bergeson (1972), Norton (l978), Pitcher 
(l978)o 
Increase in the severity of wilt disease incited by 
Fusarium spp, in presence of root-knot nematodes was worked out by 
Smith (1941, 1954), Martin et al. (1956) and Garber et alo (l979), 
Thomason (1958) on cowpea McGuire e_t ^ . (1958) on alfalfa. Khan and 
Saxena (1969) on okra, Sumner and Johnson (l973) on watermelon, 
Webster (1975) and Liburd and Mai (1976) on tomato, Costache e_t al, 
(1978) and Pelz et al. (1982) on cucumber, Singh et aJ,, (1981) on 
frenchbean and Mani and Sethi (1987) on chickpea. On the other 
hand, antagonistic effect of Fusarium oxysporum and F. solani has 
also been observed with M. incognita on soybean (Goswami and 
Agarwal, 1978), 
Inoculation with nematode together with fungus has been 
found to influence the susceptibility of plants to fungal diseases 
(Young, 1939; Harrison and Young, 1941; Jenkins and Coursen, 1957; 
Davis and Jenkins, 1963; Goode and McGuire, 1967; Menezes and 
Balmer, 1974; Pitcher, 1974; Sidhu and Webster, 1977; Costache 
et ^ o , 1978; Moorman et al., 1980; Melakeberhan and Evan, 1981). 
Powell £t a^, (l97l) observed severe necrosis in disease 
complexes of tobacco when inoculated with root-knot nematode was 
preceded by either Pythium, Curvularia, Botrytis, Aspergillus, 
Penicillium and Trichoderma by several weeks. 
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Some of the endoparasites and ectoparasites have also 
been reported to form disease complexes. Concomitant inoculations 
with Pratylenchus penetrans and F, oxysporum resulted in early 
appearance of wilting in pea plants (Oyekan and Mitchell, 1971),, 
There was heavy incidence of pre-emergence damping-off of cauli-
flower seedlings when inoculated with Tylenchorhynchus brassicae 
together with Rhizoctonia solani concomitantly (Saxena e_t ad, ,1971), 
Growth of maize plants was adversely affected when inoculated with 
Hoplolaimus indicus and Fusarium moniliformae simultaneously (Nath 
et al.. 1974). Highest reduction in growth of okra plants was 
observed when inoculated with M. incognita and R, solani simulta-
neously (Chhabra £t ailo, 1977). Similar observations were made 
with M. incognita and R. solani by Reddy _et al. (l979) on Phaseolus 
vulgaris and Nath and Dwivedi (l98l) on gram. 
Rotting owing to Phomopsis vexans was fairly extensive 
when was present with root-knot nematode (Khan _et al.,, 1980). 
Sakhuja and Sethi (1986) observed a significant reduction 
in multiplication of M. javanica and the galling on groundnut 
inoculated with the nematode and R. bataticola or F, solani simul-
taneouslyo R. bataticola proved more antagonistic to M, javanica 
than F, solanip 
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Control of Nematodes 
The control of the nematodes around the roses has been 
achieved by using chemicals such as D-1410 (Radewald e;t al., 1970; 
Ouden and Beuzenberg, 197 1; Collen £t al., 1972), Aldicarb (Ouden 
and Beuzenberg, 1971; Beuzenberg, 1972; Berge and Cuany, 1972; Bunt, 
1972; Collen et al., 1972; Epstein, 1972; Ouden, 1972; Epstein and 
Bravdo, 1973; Cuany et al., 1974; Johnson and McClanahan, 1974; 
Jakobsen and Rasmussen, 1976: Macdonald, 1976; .leinow, 1981; Sell, 
1981), nemagon (Ouden and Beuzenberg, 1971; Beuzenberg, 1972; Ouden, 
1972), nemaphos (Anonymous, 1970; Beuzenberg, 1972), dichlorobromo-
propane (DBCP) (Collen et al., 1972; Epstein, 1972; Epstein and 
Bravdo, 1973; V/infield, 1974; Epstein and Cohn, 1975; Hayashi, 
1976), methyl bromide (Collen e_t al.., 1972; Scotto La Massese 
et al., 1973), terracur (Epstein, 1972; Epstein and Cohn, 1975; 
Reinow, 1981; Sell, 1981), nemacur (phenamiphos) (Epstein, 1972; 
Dale, 1973; Berge and Cuany, 1975; Epstein and Cohn, 1975; Reinow, 
1981; Sell, 1981), vydate (oxanyl) (Bunt, 1972; Johnson and 
McClanahan, 1974; Cuany et al,, 1974; Sell, 1981), mocap (Epstein 
and Bravdo, 1973; Reinow, 1981), prophos (Dale, 1973), thionazin 
(Berge and Cuany, 1975), hostathion (Sell, 1981), thioxanyl 
(Jakobsen and Ramussen, 1976), D-D, telone, ditrapex, basamid 
(dazomet) and dimilin (Reinow, 1981), organic manure (Scotto La 
Massese ejt al,, 1973), 
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Materials and Methods 
Seasonal fluctuation of nematodes 
Different cultivation areas of rose in Hasayan area of 
Aligarh district will be identified. Soil around the root zone 
will be collected every months and brought to laboratory for isola-
tion of nematodes. The population of different nematodes will be 
determined. While collecting soil samples soil temperature and 
soil moisture will be determined. In addition to these soil pH 
and soil type of the cultivation will also be found out. 
Collection of soil samples 
The soil around the feeder finer roots weighing approxi-
mately 500 g will be collected in polythene bags upto a depth of 
10-30 cm from each of the rose beds. The five samples thus collec-
ted from each bed will thoroughly be mixed, A sub-sample of 250 g 
soil will be taken out of the mixture for isolation of nematodes. 
The soil samples will be stored at 4°C till isolationo 
Isolation of nematodes 
The isolation of nematodes will be carried out by using 
Cobb's decanting and sieving method (Cobb, 1918)„ The soil sample 
will be put in a large bucket containing water and stirred untill 
all clods are broken. The heavy soil particles sink to the bottom 
and the nematodes remain suspended in water. The water will then 
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be poured through course sieve of 40 mesho This will be followed 
by subsequent washinys over 100, 200, 250 and 300 mesh sieves. The 
material left over sieves of 200, 250 and 300 mesh will be collected 
and mixed. The mixture will then be poured our a coarse sieve lined 
with a cotton wool filter (or double line tissue paper) and kept for 
overnight. The next morning the nematodes collected in the water 
will be examined under the stereoscopic microscope and the numbers 
be determined. In all 5 such countings will be made and the mean 
will be taken out which will be converted as nematode per 250' g 
soil. 
For isolation of nematodes from roots waring blendor 
technique (Fallis, 1943; Stemerding, 1964) will be used. The roots 
will be macerated in the blendor for a few seconds. The suspension 
will then be poured over a coarse sieve lined with double layered 
tissue paper. These will be placed over funnels with stopper rubber 
tubing and filled with water. The water containing nematodes will 
be collected every day and the root pieces be replenished with 
fresh water. The suspensions so collected will be examined under 
the stereoscopic microscope and the population counted. 
Measurement of soil moisture and temperature 
In seasonal fluctuation, studies on nematode population, 
soil temperature and moisture will be recorded. For determining 
the soil moisture the weighed amount of soil will be placed in an 
oven for drying. The soil will be cooled at room temperature and 
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weighed^ The loss of water will be determined. The per cent of 
soil moisture will be calculated by computing the amount of water 
lost from known amount of soil and converting it to percentage. The 
temperature can be measured by inserting the thermometer directly 
into the soil. 
Determination of the type of soil 
Soil type will be determined by the method of Jackson, 
1958; Chopra and Kanv^ ar, 1976. A soil sample of 10 g will be 
weighed and passed through a sieve of 7 mesh and will be placed in 
a evaporating disc. This soil will be treated with 10 ml of 30?^  
H-,02 and warm to 60°C and stirred till no further evolution of 
gases occurs. Excess of H2O2 will be decomposed by boiling for a 
few minutes and will be allowed to cool at room temperature. Now 
10 ml of 0o2N HCl or more will be added till the suspension will 
become acedic. It will be filtered and washed with warm water 
till the filtrate shows a negative acedic reaction to litmus. The 
precipitate obtained above the funnel will be transferred to a 
evaporating disc with the help of distilled water and then a solu-
tion of 50 ml of sodium oxalate solution (8 g/litre) will be added. 
It will be warmed and shaken in a high speed stirrer for 15 minutes 
by adding 150 ml of distilled water. 
The suspension will now be washed with the help of not 
more than 150 ml of distilled water through a sieve of 200 mesh. 
The suspension so obtained after passing through the sieve will be 
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transferred to a measuring cylinder of 500 mlo The residue left 
behind on the sieve will be dried and weighed. The dry sand will 
again be passed through 25, 72 and 200 mesh sieves and each 
fraction retained on the sieve will be weighed giving coarse, 
medium and fine sand respectively. 
The 500 ml of the suspension will be immersed in a cons-
tant temperature bath for one hour. The cylinder will now be 
takenout, shakenup and down vigourously and replaced in the tempe-
rature bath and the stop watch will be started simultaneously, A 
sample of 10 ml suspension will be pipedout at the depth of 10 cm 
with the help of a sampling pipette after 4 minutes and 8 second 
of sedimentationo It will now be transferred into a weighing 
bottle and will be allowed to dry in an oven and weighed. This 
process will be repeated after 46 minutes and after 6 hr and 
54 minutes, after the commencement of sedimentation. The percentage 
of medium silt, and fine silt will be calculated from this weight 
of the residues. The percentage of the coarse silt in the original 
sample will be obtained by substracting the sum of percentages of 
all the fractions given above from hundred. 
Measurement of soil-pH 
In order to determine soil-pH, a suspension of soil in 
water will be prepared by adding 10 g of soil with 100 ml double 
distilled water. It will be shaken and then will be filtered. 
The filtrate will be used to measure the pH by using pH meter 
(EliCO meter). 
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Preparation of inoculum of the nematodes and inoculation 
The culture of some of the important plant parasitic 
nematodes will be raised in small pots (8 cm diameter) containing 
rose cuttings. i/Vhen rose cuttings are established, these will be 
inoculated with single gravid female of different plant parasitic 
nematodes separatelyo The seedlings will be inoculated by trans-
ferring known number of nematodes in water suspension around the 
root zone by making holes and later covering them with soil» The 
culture so raised will be examined for the purity frequently. When 
sufficient nematode culture has been developed these will be trans-
ferred to raicroplotso 
For determining the pathogenicity of different nematodes, 
rooted seedlings of rose will be inoculated with 10, 100, 1,000 and 
10,000 specimen of the nematode. 
Isolation of fungi from rhizosphere 
Isolation of rhizosphere fungi will be done by using soil 
plate technique (Parkinson, 1957; Parkinson and Thomas, 1965). This 
method is a modified Warcup's soil plate method and consists of 
carefully removing roots from the soil and gently shaking excess 
soil from them. Any aggregates of soil remaining on the roots are 
dislodged and discarded. The closely adhering rhizosphere will be 
collected by placing the roots in a container and shaking them 
vigorously. Additional rhizosphere soil will be collected by 
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spreading out the root system on a glass plate and removing small 
particles of soil with a microspatula. Small samples of rhizo-
zphere soil (Oo005-0,01 g) will be transferred to each petridish 
containing 10 ml of cooled melted potato dextrose agar medium. The 
approximate amount of soil transferred to each dish will be deter-
mined by preliminary trials^ Before the agar will solidify, the 
dishes will be rotated to distribute the soil equally in the medium, 
Twenty petridishes will be poured from each sample. Fungi that will 
grow in the plates after incubating at 28+2°C for a week will be 
examined and Identified, The frequency of each fungus will be 
calculated by the formula*. 
No. of plates containing a particular fungus 
—• *t— X 100 
Total no, of plates pours-d-
For determining the relative abundance, th^ e^ J-:prmula used 
by Mclean and Cook (1957) will be^employedr 
Total noo of colonies of a particular fungus 
' • • . Til I.. jj ^QQ 
Total nOo of colonics of all the fungus 
Isolation of fungi from rhizoplane 
For the isolation of rhizoplane mycoflora the root 
dissection technique of Waid (l956) will be employed. Roots will be 
washed thoroughly several times in sterilized water. Small pieces 
of root, about 2 mm in length will be cut off and five pieces will 
then be transferred in petri-plate containing 10 ml of cooled 
melted agar medium. For each treatment 20 petri plates will be 
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used. The petri plates will then be incubated at 28+2°C and the 
fungi which will develop after a week, will be examined and identi-
fiedo The frequency and abundance of the fungi will be calculated 
as discussed earlier* 
Preparation of inoculum of the fungus 
To study the pathogenicity of the test fungus, the 
inoculum will be raised on Richards liquid medium (Riker and Riker, 
1936) having the following composition: 
Potassium nitrate 10,00 g 
Potassium dihydrogen phosphate 5<,00 g 
jMagnesium phosphate 2,50 g 
Ferric chloride 0.029 g 
Sucrose 50.00 g 
Distilled v;ater IOOO0OO ml 
The medium contained in the flask will be inoculated 
with the fungus and the flask will be incubated at 28+2°Co 
For inoculation the mycelial mat will be taken out and 
weighed amount (I, 2 and 5 g) after processing in the waring 
blendor will be transferred to soil. 
Nematode fungus interaction 
In order to determine the nematode fungal interaction, 
the rose seedlings will be inoculated with nematode alone, fungus 
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alone, nematode and fungus simultaneously, nematode 10 days prior 
to fungus, and nematode 10 days after fungus, Uninoculated plants 
would serve as control» 
Effect of soil amendments on nematode population and growth of 
rose seedlings 
The naturally nematode infested soil will be amended 
with oil cakes of castor, mustard, neem, groundnut and mahua oil 
cakes at the rate of 50, 100, 150 g of the oil cakes per kg soil. 
After allowing a waiting period of 15 days the rose cuttings will 
be planted. Rose cuttings will be planted after having treated 
with medium strength of the seradex power for early rooting. 
Similarly, the soil will be treated with carbofuran and bavistin 
at the rate of 5, 10, 15 and 20 kg a,i, per hectare. In separate 
studies the carbofuran and bavistin and oil cakes in optimal 
concentrations v;ill be incorporated in soil in different combina-
tions. 
In control and soil treatment with fungicides and nemati-
cides required doses of NPK fertilizers will be added to have the 
same amount of NPK as provided by oil cakes. 
The population of nematodes will be determined after 
45 days of treatments in addition to growth of plants and size 
and number of flowers. 
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Extraction of essential oil 
Extraction of essential oil will be made with the help 
of clevenger apparatus (Aaonymous, 1978)» Rose petals will be 
collected before sunrise from the experimental site and will be 
placed in distilling flask. i/Vater will be added to the distilling 
flasko The flask will then be connected with a condenser, A 
regulated heating of the flask will be done with a mantle heater. 
The water vapours containing drops of essential oil will be 
collected. The oil drops will float on the surface of the water 
v/hich will be collected separately and weighed. 
Observations 
In field experiments, initial population of different 
plant parasitic nematodes will be studiedo 
Unless stated otherwise observations will be made after 
45 days of inoculations treatment by determining the length of 
plants, noo of branches, no. of flowers and buds per branch, and 
noo of blind shoots. Population of various plant parasitic nema-
todes will be determined and the reproduction factor will be 
calculated. The oil content wherever possible will also be deter-
mined. The data will be subjected to statistical analysis. 
There will be five replicates for each treatment and 
treatments will be arranged in randomised manner either in the 
green house or in the field as required^ 
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